Abstract-Globalization
I. INTRODUCTION
Software development teams are becoming less homogeneous and more distributed as a result of globalization. In this new setting, team members tend to possess diverse backgrounds, thus affecting the dynamics and quality attributes of the team. These attributes play a significant role in determining the cost and quality of software projects ([8] ; [22] ). Moreover, the behavior of an organization and its productivity depend highly on the culture and leadership among the members of the organization ([14] ; [27] ; [12] ; [33] ; [28] ). Consequently, culture and leadership become critical parameters for software cost estimation.
There has been a continuous search for better models and tools to aid project managers in the cost estimation process ( [18] ; [17] ; [13] ). Commonly software cost estimates are based on various methods, such as: Algorithmic Estimation Models COCOMO [8] ; SLIM [26] , and Function Points [4], Expert Judgment [16] and Case-Based Reasoning ( [24] ; [1]; [31] ). Jørgensen and Shepperd [17] identified over 300 papers on software cost estimation. Many attempts have also been made to identify the effect of individual differences in software developers [22] . However, not enough attention is explicitly given to leadership and cultural issues.
Given the multitude of cost estimation approaches, we chose to concentrate our research on analogy methods, such as those proposed by Shepperd and Schofield [32] , and specifically on case-based reasoning (CBR). CBR is an approach used to improve effort estimation by understanding and measuring the similarity between cases ( [31] ; [5] ; [23] ). CBR tries to predict an outcome by finding similar cases to the current problem ([1]; [30] ). The major strategy of CBR is capturing previous experiences into a case database in order to propose solutions to new problems (cases). The database of past projects is used as a reference point in order to combine actual costs of previous projects for the prediction of the costs of a new project with similar attributes. CBR can be applied either at the project level as a whole, or at the sub-system level.
Our research investigates the hypothesis that organizational culture and project leadership are significant factors in determining accurately the cost of software projects development within the Arab Gulf States. In this region, there is a rapid expansion of IT infrastructure and services, and a generalized use of expatriate labor. These states share key similarities, but differ significantly from the rest of the world [2] . Besides culture, a major difference between Arab leadership and leadership in other nations is to be found in Arab authority values. Our ultimate goal was to develop a In general, the means and the medians of all the leadership and cultural characteristics are quite high indicating their importance. Regarding the correlations between the leadership characteristics, Table 3 shows that all these characteristics correlate highly (p<0.001). The cultural characteristics also show strong correlations (see Table 4 ). The only exception is 'Team Experience' which seems to correlate only with 'Reward Mechanism' and 'Communications'. It is also interesting to see the correlation between leadership and cultural characteristics (see Table 5 ). 'Team Experience' correlates only with 'Decision-Making' and 'Communication Skills'. Some leadership and cultural characteristics appear to be more important than others. These characteristics were believed by the respondents to be significant attributes in most cases. This is probably due to the fact that these are innate attributes which are part of the individuals' characters which have been shaped by interaction with others and by life experience in the community. The cultural and leadership characteristics are measured using a nine-point type scale, where 1 means Not Influential at all and 9 means Highly Influential. The remaining parameters are coded as follows. The Organization Line of Business was measured by a sevenpoint type scale (code 1 to 7): Medical, Governmental Services, Communication, Public Services, Tourism Services, Education and Oil and Gas. The Application Type was measured on a two-point scale (code 1, 2) with 1 being Core systems and 2 being Support systems. The Organizational type was measured on a three-point type scale (code 1 to 3) with 1 being Project Oriented (project manager has the highest power in making decisions), 2 being Matrix (Project Manager has moderate power in making decisions), and 3 being Functional (project manager has lowest level of power in making decisions). The Project Technical Environment parameter is measured according to the number of Core Users (Backend Users), number of Clients, number of Transactions, numbers of Entities, and Technology (Hardware and Software Infrastructure). The Year of Project Completion measures the duration of the project.
A component of our CBR approach is the Estimation by Analogy method (EBA). The key idea behind the EBA is that similar input data vectors have similar output values [5] . A number of nearest neighbors is sought according to a distance metric to determine the output approximation. The estimation of the outputs is calculated by using the average of the outputs of the neighbors (analogies). It is a procedure consisting of three steps. First, the new class for which the project effort is to be estimated is characterized by a set of attributes common to the ones characterizing previous projects in a historical database. Second, one or more similar projects (neighbors or analogies) from the dataset are identified. Similarities and differences between the different projects' features and the source case that is nearest the target are identified by measuring the distance between cases. Finally, the values of the neighbor projects are used to produce the estimate (usually by computing their mean). A sample data structure for representing the cases is shown in Figure 4 . 
A. Effort Estimation Procedure
The following 3-stage procedure ( Figure 5 ) is used to estimate the amount of effort for the new project.
1. Extract historical cases that are most similar to the current one according to a selected metric. 2. Estimate the response variable "effort" for the new case based on the extracted cases. 3. Estimate the precision and carry out validation.
a. Use the Bootstrap method to get an estimate of the standard deviation :
• Select (with replacement) the bootstrap samples.
• Determine the bootstrap replicates of the median (or the mean).
• Compute the standard deviation of the bootstrap replicates of the median (or the mean).
b. Use the Bootstrap method to get an estimate of the bias and carry out validation.
• Compute the bootstrap replicates of the bias for the median (or mean) as the difference between each bootstrap replicate of the median (or mean) and the sample median (or mean) of the dataset used.
• Compute the bootstrap estimate of the bias as the average of the bootstrap replicates of the bias. The mean bias either shows the over estimation (+) or underestimation of the effort (-). A positive value of the mean bias represents overestimation and a negative value represents underestimation.
• Validate by correcting for the bias according to its sign (+/-).
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In the foll represented every projec Figure 4 .The shown in Fig   Sim c , where B , the number of replications, is a some large number, e.g., around 1000. In theory, Bootstrap estimates the standard deviation of the sample median. This is normally given by the standard error of the sample medians x , i.e., using the distribution of the median which is not obvious. The Bootstrap estimate of the standard error (calculated for the sample median) gives an easy and practical answer.
IV. MEASURE ACCURACY AND VALIDATION
The model was tested on a number of governmental development projects in order to determine its accuracy and appropriateness. Results suggest that closer estimates are obtained when cultural and leadership attributes are included in the estimation model. Specifically, the estimation of actual effort improved in 90% of the support system projects and in 50% of the core system projects, when leadership and cultural attributes were added.
We used the jack-knife method to evaluate the predictive accuracy for our approach [21] . This validation method is an effective useful tool for assessing the error of the prediction procedure. Given a set of completed cases, one of the cases (say the ith case) is removed from the dataset and the remaining cases are used as a basis for the estimation of the removed case.
Two measures of local error ( The local measures are the basis for the estimation of the global predictive accuracy measures MMRE, predmre25, MMER and predmer25 (Table 7) . (similarly for predmer25). In order to select the appropriate number of analogies the jack-knife technique is applied from one up to ten analogies and the MMRE, MRE, and pred25 accuracy measures are calculated for each of the cases in the whole dataset. It was decided to use one analogy for the predictions, i.e., a number that minimized the MMRE and gave relatively reasonable results for the measures.
The dataset was split according to application type: "Supporting" applications are the systems which support the internal (shared) services in any organization. These applications are not linked directly to the organization mission and vision; rather they enhance the efficiency, effectiveness, and the performance of the supporting services. Those systems share similar features across the government departments.
"Core" applications exist to help to achieve the mission and vision of the organizations and to satisfy their core purpose. The features of these applications are unique. Organizations with a similar line of business could share similar features.
Next, the (core-support) models were intended to measure predictive accuracy (MMRE, Pred25) with and without cultural and leadership characteristics in the split cases. The functionalities of these systems are different and should be treated separately. The analogy showed significant differences between cases for the support systems of the cases including cultural and leadership characteristics which improved the analogy. The core applications improved the analogy by 50 percent when replications of s(
the two highest effort cases were removed. There are 19 core projects and 17 support projects in which there are no missing values for the dependent variable.
In the presence of correlated independent variables, the regression coefficient may not be meaningful. The negative coefficients in equations do not reflect the true effects of independent variables. The fitting accuracy of the model is presented in Table 8 and Table 9 . In order to evaluate the predictive accuracy, the jack-knife procedure was used. Then two different MMRE were calculated:
1. The "fitting" MMRE: this is calculated by the regression procedure in SPSS. The "Unstandardized" predicted values are computed for the data that were used to fit the model and these are in fact the predicted logarithm of the efforts. The computed MREs are therefore given by:
Next, the mean of all MREs gives the MMRE.
2. The "predictive" MMRE: this is computed when the jack-knife procedure is applied and it can be also be computed in SPSS by the "deleted" residuals. These residuals (say r) are computed as the differences r =ln(effort) -predict; but here the prediction is made for each case when this is deleted from the data. So by computing first: Predicted = ln(effort) -r
The jack-knife MRE is:
The mean and median of all MRE is the predictive MMRE. After calculating both MMRE and MMER, the corresponding pred25 measure for them. The comparison of the two models shows that the linear regression model outperforms EBA for all support and core systems measures. On the other hand, analysis of the completed projects, including leadership and cultural attributes appears to provide better results. Regression and analogy performed better when cases were split and selected as core and support systems.
Two methods for estimating the actual effort and total cost both for core and support system projects were presented and their accuracy was evaluated. Results suggest that better estimates are obtained when cultural and leadership attributes are included in the estimation model. Specifically, the estimation of actual effort and cost accuracy improved drastically for both support and core systems, when leadership and cultural attributes were added. Total cost may be used as alternative evaluation for software effort estimation due to its importance and significance in predicting the cost model.
The fitting accuracy of the model is presented in Table  10 . In order to evaluate the predictive accuracy, the jackknife procedure was used. After applying linear regression on the project's leadership characteristics and project team culture attributes separately, it was concluded that a representative model for the dependent variable LNTotalCost could not be built. Estimation by analogy (EBA) is another technique for the prediction of a dependent variable. Various neighbors were tried out and the results of the jack-knife procedure are presented in Table 11 . As observed, the optimal number of neighbors varies according to the accuracy measure that needs to be optimized. It would appear that '7 neighbors' is a good choice for the construction of an EBA model. The comparison of the two models shows that the linear regression model outperforms EBA for MMRE, MdMRE, MMER and MdMER, whereas the opposite is true for the remaining measures. On the other hand, the parametric and non-parametric tests do not provide a statistically significant difference between these measures.
Assume y is a new case with actual effort 582. Regarding the evaluation of the predictive accuracy for EBA method, the jack-knife procedure was adopted [21] . First of all, take the absolute value of (actual -estimate) / actual. After applying analogy to estimate the last project (jack-knife y), analogy finds case 1 to be the most similar and reports that 320 is the estimate. However, the true value is 582. So, the relative error for analogy is (320 -582) / 582. The MER will be calculated based on the procedure (actual -estimate) / estimate. So, the MER is abs((582 -320) / 320) for the first project (see Table 12 ).
In order to select the appropriate number of analogies the jack-knife technique was applied from one up to ten analogies and the MMRE, MRE, and pred25 accuracy measures were calculated for each of the cases in the whole dataset. It was decided to use one analogy for the predictions, i.e. a number that minimized the MMRE and gave relatively reasonable results for the measures. The values of the effort for the selected cases were: 320, 105, 138, 324, 600, 750, 1250, 1295, and 1300. It appeared that '9 neighbors' is a reasonable choice for the construction of the EBA model. The execution of the macro using Minitab gave: s(x) = 600 and se s x * = 348. How good is this estimate? Compare it to Se θ * , which is obtained from the sampling distribution of s x * bootstrap replications (see Table 13 ). The results are given in Table 14:   TABLE XIV.  THE The Bootstrap estimate of the median bias was used to estimate the bias of the sample median (which is 600 here, as seen earlier). A Minitab macro (bootstrap bias), was written to display the bias bootstrap replications along with the sample median and its bootstrap estimate of the bias. The execution of the macro bootstrap bias gave bıas s x * = 18.5 which is the bootstrap estimate of the median bias. The Bootstrap estimate of the bias is as shown (see Table 15 ): The "Dur taken to co column show completing a Factor", show with that crea
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